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The Association Knowledge without Borders, founded and chaired by Professor Jean-Pierre 
Petit, astrophysicist, aims at spreading scientific and technical knowledge in as many 
countries as possible and in as many languages as possible. To this end, all his popular 
scientific works, which cover a period of thirty years, and more particularly the illustrated 
albums he has created, are now freely accessible. Anyone is now free to duplicate the present 
file, either in digital form or in the form of printed copies and circulate these copies to 
libraries , within the context of schools or universities or associations whose aims would be 
the same as the association , provided that they do not derive any profit from this circulation 
and that they do not have any political, sectarian or confessional connotations. These pdf files 
may also be put on line in the computer networks of school and university libraries. 



Jean-Pierre Petit intends to create numerous other works which will be accessible to a larger 
audience. Even illiterate people will be able to read them because the written parts will 
“speak” when the readers click on them. Thus it will be possible to use these works to support 
literacy schemes. Other albums will be "bilingual" in so far as it will be possible to switch 
from one language to another selected language with a mere click. Hence another tool made 
available to develop language skills. 

Jean-Pierre Petit was bom in 1937. He made his career in French research. He worked as a 
plasma physicist, he directed a computer science centre, he has created softwares, he has 
published hundreds of articles in scientific magazines, dealing with subjects ranging from 
fluid mechanics to theoretical cosmology. He has published about thirty books which have 
been translated in numerous languages. 

The association can be contacted on the following internet site: 


http://savoir-sans-frontieres.com 



Yooll see". 
-fneRe... bo/leg.. 


j 
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WHAT DO ' 

you MCAHy 





Yov/v£ TURNED my LtvirOc. Roo/v'T^N 
i Niro fir LABoR/rroiRy /hja/nJ. 

X i>ort'r uwdbrstand Hou) you ftumys 
r*f\hihc,e ro nwe so ch a sHfmBies! 






PROGRAMMABLE 

AUTOMATA 




I ' ve , converted it wfo a\ 

PROGRAMMABLE CLEANER. 

s~~ — . -- - 

j Here's the f Awovi investor. w\th his 

PP-0€ilRArrtmABL£ AUTO-VAC. We- 'S 6\OiN<^ TO 
DEMONSTRATE HIS BRA(NCHIU). See How HE 
S6fS IT IN MOTION AND 5T6ER.S IT WITH THESE LEV/ERS. 




The job dome, he directs it to th£ 
Fuel- Cell Repou)erik)6 Module... 


CH ARqg)2 

12 volts | 

0 o 


11*4.; 


Sure , Burr 

tOHV BOTHER* 


T.l'ATCH CLOSE L/^ 
anid all will Be 
Re yea Lei), if 

DEPPES5 -THIS 

lever ... ^ 


rx\ 



Pill 

t'v-M 

£'V. ■ ■■’• 

L*. - • • ■**»> , 


... R£A£>y TO EXPLOIT 
IT5 REUSABLE CAPACITY. 


... /|WD MV 'TURTLE \ 

RETRACES EXACTLY THE SAME 
PATH, 5TEERJWC} BETuJ££M 
THE FURNITURE... > 


V* 




I/? N 


Ill 





...'To D£P6S|-T THE 0V5T 
| IN 'THE SAME -TRAT ... 


m 


Returning 
FIMALLV TO THE 
refueling pepot. 


4£p 


MANUAL CONTROLS 


RECHARGING TERMINALS 


BAffeRy 


naw 


miihm 


punched rflpe 


Soc-tiosj 

mo-tor. 


warn 


IL'« 




tOHEN I OPERATED THE WHeELS 
TU RfLC N\ANUAUL.y, -THIS 
TAPE UNWOUND M fl sTEAPyRAfE. 
■THE COMMANDS "THAT i- SAVE If 
WERE joRITTEN ON ' r '° THE TAPE /N 
THE FORM OF PUNCHED HOLES. > 


/fJ DC PEW DENfLy CONfROLL EP 
WHEELS, PoRwAR P/R E VERSE - 


PREE-RUNNIWE 

REAR lOHEEL- 


^50 THE STEPS INVOLVED IN 
-THE JO 8 WERE AU- 

_ ncmoRizE/> ^ 


S 3 

[+1 
















IaJHEM 'THE' "TURTLE RETURNS FOR 

reeueun<s the tape rewinds. 



UJneRe oi D '/so 
<$ET THAT ? 


|Z^\ 


!? 


¥ 1 




So noio you can make <t iwork the"'"' 
OTHER cOAy Round; -the turtle reaps The 
INSTRUCTIONS ON THE TAPE AAJD CARRIES 
THEM OUT. 'BKiuiANT 1 


£ found it /N -the mechanism of an 
old Poaver- Piano, 



Will 


W LmL 


Dinimq-room 
Vacuum Stakes 

t 

th/rd Race 1 


t The flag, is 
Raised,., THey'CE j; 
opp t 

Oh oh', 

06STRUCT/0N ON THE 
track } look our, 

_ Sophie ! ' 



Let's take a stroll. 
'The turtle can look after 

THIM3S FOR AWHILE- 


the /marvels OF MOD££/\J 

forensic science allow os to 
ftETCO/0STRUCT THe SEQUENCE" 


OF EVENTS... 


'■fj s WP-* i 5 W.C 



fH£££ HOURS lAT'Efc- 



Oh wo. 

m v Room! 


mv\ 

*y\ 

' WooooPS. 

My Doom is 

SEALED. 



/4u. HAD <^OWE WELL until the 
turtle tad emcounteRed the ta/l 
OF A SLEEPING CAT - A M EVENTUALITY 
MOT PROVIDED FOR /M /TS PROQR/W-... 


... AMO HAD SUCCEEDED /M /M^£sr/ME| 
THe OBSTACLE op To /TS MID-Po/MT. 


UOOOAAAOOOoW!, 







THE eMSU/MQ FAN |C, 'THE CAT DIALED 
the vacuum-cleaner. turtle THE LENGTH OF 

THE APARTKEHT, cAUS,H$ A CEkTA i\J AMOUNT 
—- OF INCIDENTAL T>AMA$E . 


)%OtOK 


<HA- 6ERR.fcl 


-ine BM'i'ER.y N - 

/Acip HAS SPILf 
,4WD EA-TEM HOLES 
IN THE . y 










The cat left a message. 



X'm wot STAy/MG A 
•MOMENT LOWG,EJL in -this 

NUTHOUSE. DOKl'r COUNT OKI Alg 

catch youft mice. ^ooDeyE 
AMD I^OOD RIDDANCE. " 


i THOUGHT MV TURTLE IVAS 
/NfeLL/^eNT, Bur Kioto I 
DUMB IT IVAS. 


INPUT-OUTPUT 
SYSTEMS 

Woio DID YOU -THINK IT COULD 9T /NT6LU^Ei^rr ? 

You SAVE IT WO lUAT OF KWOWiN^ ioHAT UJAS $ 0 iNG> 

ON/ AROUND IT j 



You'Re RIGjHf. 'fae TURTLE NEEDS To "see’ 
where it's <soih& . “This /s a -nwy photocell, 
sensitive To INFRARED light — that is, 

THERMAL RADIATION), 






tiled ficod of the apartment 

is COLD. if r ARRANGE FbR THE TURTL6 TO 
TAKE that as its ZERO- LEVEL for TeMPERATURE, 

IT wJILL SEE THE FLOOR AS A BLAC< v 

_ BACX^ROUND.^^---'''''^ 








The VISUAL f I ELD of thf -turtle is a cowe 



l/jHAT TUG TURTLE 
ACTUALLY DETECTS IS 
<H£- AW6L£ BETWEEN 
THE DIRECTION) OF THE 
0BJt CT A|([S 


Hl^H OR. 
FA R 


OBJECT 


EDQe OF THE 
CoNE OP VISION) 


left 


i //■■■... . 
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OPT CA L 

Axis 


ELEVATION) 0 


TP/*) 


-1 Rl^HT / V (_ 

l -i° L uT J // 

i^ e ^— - /L -^ 

^ J /"EACH /MFRAEGD cell 

/ / CORRESPONDS TO A REG|IOn) 

^ (low or nIear| / one oe^eeE square: -this is 

" - 1 —the resolv/mg PoweR 

--OF^THEOPTlCAL SYSTEM. THE IMA^E IS 

Dl^lf/Z^D, tOHlCH MEANS THAT IT's CONVERTED TO 
A ^ RID OF T/MY SQUARES, WHICH ARE £ITHEfc. 

BLACK. WHITE, OR <5RE Y. 


/"Tve CHUCKBO OUT THE OLD PROGRAM, AW£> NOU) 

Azimuth © q 0 iNG* to qive the turtle a simple REFLEX 

— " WHICH WILL LET IT AVOID THINGS’. " XF OWE PHOTOCELL. DETECTS 

^/A QUANTITY OF THERMAL RADlATlOM GREATER- THAN) SOME THRESHOLD 
VALUE, AND THIS SOURCE is LOCATED BELOW a HORIZ.ON CTHAT is, if the 
ELEVATION) 0 OF THE OBJECT is LESS THAW A VALUE <Pmin), THEN) THE TURTLE WILL 
' -rrr-7>---- MAKE A Quarter-T uRNl TO THE ftlGiHT. " _^ 


AMOUNT of heat 
radiation) GREATER thaw 

THE THRESHOLD) AMD 
ANQLE <f> LESS THAN) THE 

HORIZON) VALUE 0m IW • 


/WhAT HE MEANS 
/S , IF THE SIGNAL 
/S IW THE 

s. SHA DE D ZONE > 










'■"So Mou) THE TuRTlE HAS 

BECOME" AM input- output 

sysreAA. 


A BLACK BOX 




BLACK BOX 

iNPur Ovtaot 


ST//Y 1 ULUS 


/^espoMse - 


IUHAT 5 iNUDE T HE 
BLACK 30 X ? 


/ •a PROGRAM -that LETS it 

WALiie 'THE INPUT DATA Cthe 

/MfORMATlON PROVIDED BV THE "RET/MA*) AMD 
DEC I £>F WHAT RESPONSE to make : 

EITHER STRAIGHT AHEAD, OR MAKE A 
OMARTER-TuRM Rl^HT 


PrjOccssiMC^ 


Ittf 0 * 




IWfORffATlOA/- 


OUTPUT: 
coWTROL OP 

wheels 


/^TfVUs"' Time''THE' FAMOUS IMVENToR UJlUL REALLY CLEAN UP ! M /5 TURTL& 

UJILL AVOID THE WALLS, AMD ALSO THE FURNITURE, BECAUSE THEy'RE WARMER 
W THAN THE tiled FLOOR. 






yes... it'd Be more logical to have ir onAKg a cfft turn /nJstead ... 

SIGNAL ANALYSIS 





RETlMA 



1 OLD PROGRAM*. 

'^ewj Program: 

IF A tUAR/D D6^C.T 

If A WAft-M OBJECT 

APPEARS iM THE SHADED 

appears /n SECTOR 

ZoMEj make a 

make a quarter turn 

To THE RIQHT Ip /Nj 

Quarter turn <o 

SECTOR. MAKE A 

-The ri^ht. 

Quarter turn to the left. 


^16 




e>ur k MPrf ip 

diREcTly ik) front ? 





B 


<ARCHI£ — . 

h’iT's Qoik)’ op (N SMOKE 


SiLty beast J 



<HC AMSK/eR- is A small. ADJUSTMENT; 


IF THE SIGNAL IS SIMULTAWEOUSLy <0 'THE LEFT 
a kid eiqH-r, YH£fY turn To the right 



Sophie. t (£ -Think IT cam improve the way -the turtle 

RESPONDS To 'THE SIGNALS RECEIVED By ITS INFRARED eyE. 

t rp THIS IS an) OBTCCT /N ITS FIELD OF VISION, ALL X HAVff 
, to do is count the number of cells in sector. A 
3 (NEAR AND left) AMD COMPARE W |fH THE - NUMBER. IN 

v "B (NEAR, and E-IChO. 


sector A 


B 

■ 


SECTOR B 


Move to 

the right 



i 


fV\oV& TO 

the left 



You CAM ALSO ALLOW FOR THE TURTLE 
passing Things. 







All. i HAvfc <o do is cxii' sow6 pieces off <HE 
•noo sectors A amp B cm 'tne re-owa. 



RESPONSE TIME 






AHCH\£ t ' r ‘s NO <^OOD e'XPECflWGj A 
m ACHfwe <o j?6ac r 'MsfAKjr/MOEoosLV. Bcrtjee^ 
-me imput awp thF output you must allow a 
RESPONSE •T</nE w hicH i 5 CHARAcfe&isfic OF 
-THE sysf£M, 


XT's youR ou*o response fime that prevents you from cMCHtMG* 

-THIS BIU. toHE*J T LET If DROP. 






SERVOMECHANISMS 


Whem <H£ batceR. y starts to $o flat, TWe voltage across its terminals 
drops. r£r’s &Asy to app -to the program somethiwc, uke: 

IP THE VOUTAqe BECOMES lower 'THAN... So mflUV 
volTs, 

"TH^Ni go and $et charged up a^aik). 

"bvT -THE PRoeteM IS : HOUJ DO you GulDg the turtle TO THE Ri^HT PLACE P 


MjHlLE. iM WRITING) FOP- ffOSPt RATIOnI, I'll noflKg- A UNVr^N 
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"Trie -fUR'TLG DOesrtV HftVg <0 'THINK OF TH£ COIL A5 M\ OBSTACLE, you KWenN. 
UMV you PLACE - If UP Hl^H, fO ACf AS A BEACON ? 



COIl. 1 , MEAT SOURCE 

_flgfii*OtV 


MMk 


OW*^‘Z 


^7/M 




y/f 


4.1 J 

y 

l pr^firviA sf/L _ 

1 - 

is/ 

Avoid obstacles in 
fuese sectors. 



tiiaou 


MAR <H£ 'satin' con. shows up 

/W secfOR Gv , Af THE fop o' fHE 
h’ ey? bail , Heyg up, yen might s«y! 



Now If'5 EASY -ro 

-The -rcRue: IF ^ c-wse w W6 MLL5 etLOlv 50 

many V 0 LfS THEN/ look, for TH£ coil. Th&re are Tuoo PosSiB/Uf/eS. 
EII'Hte THP COIL 15 ALREADY IN THE FIELD OF VlS/OM, AND fHfc fL^TUr 
CAW 0,0 AFTER. |T; OR. if <5 NOT, IN WHICH CASE f ri(? TuRTLC STOPS, AMD 
REVOLVES, UAJfiL. fug BEACON) APPEARS. 

—f*")— 





/As SOON/ AS THE - TARGEf COMES /MTO VIEPJ <H€ fURTLE 
CA| \J HOME i/U on IT BY FOLLOWING THIS PRO^RA/A: 


Torn 

TOWARDS 'THE fARQgf^ *y 

AM ArvoouMT 

PRoPoRfloNAL fO THE - 

THE TAR.GF'T' AMD THfe 

This is a LINEAR 

AN^ULAC DEVIATION BgfWgfeNJ 

CURRENT" direction OP MofloN . 

SgRV0MGCHANl5fA. 

S^nal 


Cf \ 

n 

SiEWAL- 

fO Rl^Hf 

-3 

<p : 

/ s <+ 

: T j 

\ fO LEFT 



< 

--? 

(---^ 


TURAl fO THE RIGHT 


Turn to the left 






As the -turtle steers toiuab-ds the target, the eri^or a. CHANe,E^ 

So <$ is Act'll both AS CAU5^ flwo as EFFECT. ' fHfvrs f^eDgAc*. 1 



So th€ TURTLE ALIENS tISgLF 
UJl'TH THE TARGET 





ORDER OF A 
SERVOMECHANISM 


^°w, ARchiE / let’s play a 4am£. When X the signal, X 

ioAkJT YOU -ro PLACE THE POfNT Of youR. PENCIL NEXT TO MlfO£. 




/ //> "1. SET IT — you''RE f^OlNG To 
tell me I'M A SERVOMECHANISM 
TOO... A BlAcL BOX. 
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X ADJUST MOTION OF MV PeWClL 

AocoRD/N& “TO TW& OBSERVED ERftoR. 


EPS 

Bl 


s 

Mow, more QuicKcy; > 


k)HP(f5 HAPPEN UOGt \ 


Th*- pencil gets there- 



A FIRST OR.DFR SV5TEAA, the output commands act ' 

D/RECTLV ON THE SPEED . tOITHOUT ANY /NERTlA. THERE ARE 
NO OSCJU-ATIONS • 

In a 5EconD ORDER SYSTEM , the output coaimands act 

ON THE ACCgLgftAftPM By WAV OF A FORCE. JjNERtiA 

LEAD5 TO OSC/ClATJOUS. J 


Position 





HUMANS /J-RP SgcOMP OK.DEK SysTFMS A 50 00 EXAMPLE" OF A- F/R 5 T 
ORDgR SVSFFM (5 A C.iyTCfl /\>. 

-ThP SPgFD at loHIcH- uJfitTER, R.ISES IS PR0P0RT/0NAL -TO 
fug DfFFeRFMcE’ FROM its f/mal Positiom. 




i 


Wiv A FIRST H 'ORDER CISTERN*, 

th£ water don't inoB&le! 







a::: 


l-G»—(T" 


least, that's the theory. 'Bin' /m thc 

PHYSICAL MATURE OF THINGSy THER&'s ALWAYS SOME 
/NERT/A PRESENT; AND IF you PUSM A BIT TOO HARD, IT 
DP. Suck a SYSTEM SEEMS to be F/RST ORDER. BUT 
REAU-y ... SECOND ORDER. 

^OILJI 7 " n 777 TT- 7 a 


SHOWS 




first order. Ill 








a:w 


VO' 

-cA 


s ecoNh 0 


_\ 

RDER 



SopHI€, Lewrov Trt€ Pelican says I'm so slolo that 

im INSENSITIVE TD IHB/LTIA, ANP ill NEVER &£ MORE 

than a r*e re Fiiesr order system. 




CONTROL 




D 


HOMEOSTATIC SYSTEMS 


Bur K)OU3 let's TALK TURTLE... 


HOT LX RE 



/Archie's idea is ^eAicy 

' QUITE CLEVER, THE £ LECTR.IC TREE *" \;■■' 

THE "PotOeR. PLANT"- GENERATES a FLOlO OF CURRENT BETlJEEN TU)0 
CIRCULAR &L£CTl?OD6S. THESE Aflf THE TURTLES WHEELS, COATED /M COPPER 
TO ENSURE qooo CONTACT ONCE THE back WHEEL- WAKES CONTACT WITH TH£ 
ANODE AND THE FRoNT WHEELS WITH THE CATHODf, THE TURTLE STOPS 
AND RECHARGES ITS BATTE^y. WHEN it's FULLY CHARGED, TVle TURTLE 
turius fcouioD and umndebs off ae,ahu, refueled, as ldnc* as thc 
cHAea^ i»o the batterv is'Reasonably l a ear , the- turtle 1c5rJ012.ES 

V _ -rue P01OER -PLANT, AND ITS <$UlDfN 6 HOT WIRE, ComPieT^LY, 

" " ZZl burt 0 “ -n-^ 




8 


' you D6 JUST TV€ SAm€ - you STOP 

-rt> cat wh€M THfe pressure ok) -me 

WALL OF yoOR- STOMACH DROPS BELOLU A 
THRESHOLD VALU€- 


M E... 1 ? 




Stomachs ujork oust 
UK6 CISTERNS. 


ybu mean, cis -terns work just 
like Stomachs. 


> PH | ulV S Off C*X6 

h’ar^um£nt5 cak) <^er 

OUlTe DfS^US-T/M' 
v T*/M£S 


SYST£MS U«£ THESE TRY TO MAinJTA/N THEIR- DEFiNIM^ PARAMETERS 
im between a minimal and maximal val ue. 


' X SEE. So WHEW X EAT OP DRlTYK, 1 m ATTEMPT/A)G\ 

to maintain Twe quantities of sumacs and salts in) 

MY B6PY, BETUlEtM MINIMAL AMD MAXIMAL VAUjeS, 



you teu.1^ me twptT ooan 

15 TU5T A MftCHfWe ? 


®f'Gj0 






IF i WtRe you, I'd s^y it the - 
OTHER U)Ay ROUND. A MACHINE »s UK6 



/\ MAN 


im 


TecHNJOLo^y tooexs By PenFecri\i$ 
or exrervjDf/vxSt ujha-t ^oes on /m the 


NATU-ZPiL LOORLD. 


PRTI ricirt l* 

-tooth 


NATURAL HA 1/2. 


Artificial haul 


me 


Ouim otji^/mau teeth 



fo BeOjixj loith , w)& copies the FORflS 

OF Livir^ THINGS. How vU£ R.e CO?yiF)C\ 
THEIR. 6eHAVtOfc 



rapid- Response 

iMPUT-O^TPOT SY 3 Te/NA 






A uvif^ creature is, amone, other, 
things, a fantastic 5eLF'R6S UL ^T»^ HOMEOSTATIC 
machiwe: maintaining rue balance of ,r5 wAret ; 

MINERALS, BLOOD COMPOSITION; TISSUES... 

even its SHAP 6 . 


W/ 





fiivjy detectable change in its state 

FRorT The NORMAL VALUES DISTURBS 
Trie NATURAL BALANCE- 



£)nv d€F ecr w Trie natural 
bopy- Ag/noR. triers off cell- 

division abound the et><$es OF 
THE cur. 


The grouith of skin 
CELLS IS IK/HIBIT€X> 
By CONTACT, 






« os 


'foe GRoooth is 

INHIBITED oNC£ CONTACT /s 
REESTABLISH 6£>. 




R8 



3 -F The MECHANISM STOp-S Too SLOUiLij 


scar will bul<? e. 


K/AR U>0T 
■y^R rAA<»N* 


SoPHie told /nr to £>er £id of all 
thc /Mice in thc House. XVi eo;M6 
ft) CATCH THEM, /'TT7 



X.Ve given my turtle^ 

1 A PRGPATioN ARrr\ AMD A 

Pursuit System^ all us/Ng 

^ the /UFRARep eve. 

Mice A?e i^aRm-bl£>oa£d: /£> 7 ° j 



it's A mATTER OF THRgSHOtDS A€,AIM. 'The floor 
IS BuycH / THE WAtt-S AMD THESE BoWLlWG Pi MS ftR6 

Gm AND 'THE Mice white. All a: have to do .s 
ZAbA THE- TURTLE TO CHAS€ AFTER. ANY BRIGHT 
oBjecT C except in sector. £\ , which is ReseeveD 
FOR. THE HOT WIRE BEAcoN oN THE POtWE-R- PlANT^ 









ARCH IBALDDMl 



m * 



Will you mAKG ir L£r <^o 
of »wy cup -ofc bOHtr's LBfT 

OF IT ? 




Oh fV\y LORD — It CAW V T6LL 
1WF D1FFCREMC€ BGtiOEGm A mouse 
and a cup of ivARm cofffs . 


^l»o you a 


^ 3^5 The SAMF 

PRoBte/A -that s^AKres 

Hfive uJH€M YHEy (^0 
HuKiT/MCSi AT KJIO^HT, 









Mot OfOLV THRT - TH€ -TURTL6 UJILL QCT ^ 

CoMFUStP BfeTUEtKi A NJEARBy BowUW<* |>/M AMD A 
distant mousc (tne iMT£KJsrry op radiation varies 
ASTM€ IMV€RS€ 5Q.UARF OF TtiC DISrA^Ce). 

'^fY^T/ ("XoR.ru-m shortsi ^ htfd ^) 




f \MD X HOPE YOU REALIZE THAT WHEN 

cd roes the turtle loill fiimosr 

BLIND. _ 



UJhy ? 


UJe'RE HAViN^ ft H£AT uJHUG. AT THE MOMENT; 



XA slumped. 
UTfe^i-V. 


you COULD TRy no Am k)^ 

f V :Pv^_J r 

'^VX) SAy THE ANSLXtR IS TO mAK6 
The turtle KeCOQKJtie FORMS of 

OBJECTS ( SO THAT IT CAhj IDENTIFY T+feM 


CruPeS, IF Y6t <*6tN TGR. T^ACH IT T6R. 
RecxeRNiie SHAPES, wny not tcach it ter 

BLimK-UO ’ 'REAP WHILE Y€*- AT IT P 



PATTERN 

RECOGNITION 



<HlS Hl^H-ReSOLUTlOHl TV CAMERA tUlU, BE 
AkJ IMPROVEMENT Obi THAT (K)FRaR6P GV6- 




EACH SHAPE THAT COMES INTO 
THE camera's VIEtO SAM BE THOUGHT OF 
AS A SET OF PCKKlfS, OK TlNV CELLS iJlTH 

JU COORDINATES X AMD y HoRi*oNf*uy 



AMD VER.TlCAi.Ly. 


We'ii. HAVE To START By MAtoN^ THE MACHINE 

MEMORIZE soMe BASIC FOfc/nS, 




fok. (MSTANCe, 
j-erreRs or the alphabet 



yuR - I sees wofcMA MeAN - “Th6K) V6R. 5H0UJS THE MACHINE 

AhXJ'Jva^. l £rre&, it cow pa Re s ir w/v the owes h'/t or Lfieony 


h CMoujS. 



^ ^>HICH BOILS 1>0U)N TO SOPefclMPOSIA^ THG 
1 ' GI^K/At- ON THE we^ftnve of TNG OR(£}<AML 
ONE. 


SIGNAL KNlOlON) Sl^HAL 



EXACT AG,R€E/A6fOT 





To B€ PRECISE, 'THkvjK OF T HE Sl^hlAL AS A SET OF VALVES CO 0 ii ±) 
A&iqtJED ro rue coofcDiNjmie cells Ck^). -The om-boa^d computed 
CAW COUNT THF TOTAL »\JUmBER OF Co)W C iDGMCES OP. MoM-COf^C I DEAJC6S. 



EMM [EMM 


CoiKiapetJces: *\ cases- 
Mom&EP OF CGUL S I tv SIGNAL * 7 . 
f*ACT( 0 ^ OF COJIVCIDEHCES: *1/7. 


1 

VoR., BOf fHFRGS A SNAG,, MAH£l ^ 

yen. ruR<Le caaj only reckerajhb A le-p^r 
W 0f's H'SXACTlV LlNCD UP PROPER- “ AWD 
. “THE Ri^HT PISTAMC6 ADAi. 




Om HgCK ! 

I'Hft’f's a trick y 
owe .,, 




w= 




ave yefc. cAtxyE-itcAfo 
'oio UK6LV 'THAT /s ? 


*1 

ivt ^OT *TAe 
ANSWER. 






you too**: oof -rue cero-H?* of gravity 

OP EACH SYMBOL. 





£>EFoR€ RECORD)*^ THE SYM&OL /to THE MACHINES MEMORY you ALKgM 
'MB optical axis <oith the cetongn of gravity. 



Now, suprose some snaps emtees the 
field of vision, 


- q /""""Straight AtoAy, uos mAKe the machine compute tne 

C£Nf£R OF ^RAVITY Gj_ C>F THE PART THAT IT SEES. 







^ / 


'ThzN it moves the ca^cra 
ft> au$m The optical, axis 

LOIfH 6« . 









-"'Odce \r's DOME 'TH*T ) MACHINE RECOMPUTES THE POSITIOM Gig. 
or rne cekjteb. or **pvrry or-meuEio image, *k>p receptees IT5eLfr 
_ OW THAT... _ 


1 •* WHICH LgfS IT HOJYIC IH PRO^RESSIVELy 
ON THS OBJCCT. 






^ T»UT W&'f A*AHT 

-fHf problem of fadin' 

*>* 1 ?l 6 HT PISTAHCE? 




"fne OW-BOARD COMPUTE* CAK) "DRAW ^ copies OF THE IMAEE ,€fJLA^B2> 

or RgpuceD*, i 11 n i rm tt^i m 


X 

p 

f 



1 


Amo ccwiwe cach of thesc with its ftereftroiee of srawp*^ 

sym*6 LS help /n memory, 



■ 






HAiJC) ok) *“ 



Z>oN'T MEED To $0 -THROUGH ' TH,S MA^WIfICAI’IOM 

I.AR.K. SEEM FROM A DISTAMCC } A SHAPE IS JUST A SOfcT OF 
uiaR IMAGE MOT OMIY HAS A C€MT€R OF GRAVITY — 

* IT ALSO HAS AM ftPPftEEUT T>lftmETgg ,_. 


/'''^JfuDOK at ALU THE FoiM'rS M THAT M*K6 UP TW6 IMAGE, AMO X TO»M ^ 
EACH OWE ft> THC C£Mtf6fc OF ^fcAUlTy ($ , X AOD UP AlU 1X6 tSMS^HS <^M 
*Mt> ON 106 *y THE TOTAL MUMBB'E. OF AO/MTS. X GET AM #W6tA^6 VAU/6 & 
AND I SAY THAT T>« ZR IS A MEASURE Of TH6 APPARENT DlAMETEfc 


OF TH6 IMAGE. 



f Each Letreie. or. synvfioL has a ciroje 

ATTACHE0 To IT, C6MT6E60 OM £j , AMD OF 

7 ~7 diameter D. 







INSTEAD OF MEMORIZING THE S/MBOLS ANY OLD (OAV > X ARRANGE 
FOR EACH TO HAVE THE SAME CEMTER OF GRAVITY (SAY *$* 0 , y$ • 0 ) 
AMP -THE SAME ftPPARtMT T»AMC TEfe P- X _x 







'SN OTHER WORDS/ 
you CENTER, awd 
. FOCUS 1H« SHAP67 
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WeVg al^cady s6^k) hou> -the fuft/rLe cam As^M^ncALLV ali^m 

ITS OPTICAL AXIS loKH *THE CCWTER OF <3,ftAVlTV. XT’ CAM ALSO COmf>U.T*r 
-fHC APPAftCWT THArAETeR 3!) CF TUG XP THIS IS MOT" £<juAL TO 

1 } -rwe CAMERA CAW ZOOfA IK) OR 01^ wwfic If* IS. 




Time would be wm* a u>f shorter. 









s © 


if Tfl£<UROH CAM Re AD LETTERS, K CAM ALSO ‘PVT TH£m 
-ro^CTHee -to Reco^toize words, or SENTENCES. 







Each i^e 15 v\*><onrzD &y Back$£oun)D M0i5€, 

^ f Here's ow e idea* doofo adeems for ismV ee 4 U.y 
§T \ V* c *36AH.i *rn B€ ABlfi <0 KceoqMZE A S)$NAl. 





Ml 


Noise Norto«rH 5 rAwD/Kj^ , <hese sj^wais 
arc PeRFCcrty clear, awd DisrihjQuisHfiBUE, 





Mis 




. //r«e AseegMe^T x 
ys^oo^ mofce -tvaaj *75 %^ 

i caw V t€co^mze) 
a "fHw$ woio» y 



^T««< 5 UPP& 5 E you TA<e 
SEVERAL ir^Aqgs cf THe SAME 
w«>isy oajecr. ^ 




' 1 M($HT POlWT 
OUT THAT SiWC* 

ujs. have 'TWO 

eyes, <*>E ALWAyj 

u> 6 |CK Wi«fH TUX) 






IMAGE PROCESSING 


fry ^ IMAGES/ you OM imPCOuE *tHE 

LBVSL OF PCRC€F*noM, tHB 1>ElWlOh) 0 f “THE SI$/UflL. 








. yee. drift *Mr. Ve* u*nna fce ABie ter 

RgCtfgfclOlZF SIGNALS MO KVftTTFR. WOTs *APP€KJlN - SNOW, 'AIL, 'ufcfclCANES 
AN* tOtfTMOT. WA^tMAT M 5 ANS VGA NEED TER. OoMpUfE 0*i- THIS 
MONKeV-BUSINESS OJIV CENTER.5 o' pgPRAVlTy An’ H>TPAfcEKJT PyNAM6M€lTSPS 
■<* o' vefc riAfJ "fo do INKT u,, o«- <** 'BAciCQeoOND NOISE ? 



Here s u»hat you ^er after. the second 

Cte^MiNG) OPCAATjoN. 
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Hokay, ye* -wune ca*j 

R^AJ> IN -THE SMOW. 

So WOT P 






Ue»o My; patens 

that -rng -rufcrie's eve 

15 AS < 3 »OOD As A AUrOrtN) S. 




<H£ •OuwBCE- oF 
PVCTUfcE CCltS THAT CAN) BE 
Disti^uiSHBD is ^eeAfesr 
N* AfL TH E rtMOD UE . 




yie/w£ a . - mM & ffl . rue eye's optical axis tumps 
abound -rwe symbols e(&PrrtcALL.i, 


-JO no.ad- Cl •W 0.64.'X.Cf(l, Owlv a revo fcevows A*e pchcen^ 

luir^ AMV CO«.ITy. 

eo.r iwe baa/n RecoNST/eucrs “TH 6 MOST likely wessa^e. 







It's reasonable enough. To gather. ALL the information ^ read the 

M£SSA^E UX>RP BY uX>*J>j THE MORDS LETTER- 8 X LETTER-, -THE LETTERS STROKE 

0 y STROKE -~ you'o NEVER- GET STARTED J 



Certain key forms i£T os identify 


LETTERS. 


' Looks like there's 

MORE H’iNFERMATIOK) 

. than y E<L REALLy need. 


TlOO GLANCES at the START 
And Finish of a uX>RJ> ARE 

USUALLY enough. 


(= 

I I 

>* -* v 


n / y 


'» V 

# % H ' 

/ % < ' 




And iohat qoes for. reaping 

IS ALSO TRUE OF OTHER T/PES OF 
TERCEfTtoN. 



Tf- you qeT THE IMPRESSION something's NCrr QUITE 
RIGHT t THE ZYE takes ANOTHER QUICK GLANCE 
at the problem area. 



PERCEPTION 


(jJeTHlN* uje're receiving information all the twE. 

—y -—--' 



"Bur All u)£ Actually take from 
OUR SURROUND,N$S is the MINIMUM 
OF INFORMATION NEEDED TO I DENT/fry 
SHAPES, SOUNDS, AMD SO FORTH. 


Au, rne -rime, rnese 

/rnPRESS/oMS ARE compared -To AM 
EMORMOUS bank OF SIGNALS AMD 
SynaoLS /n our m eT ories... 


a 




JcM- 


NHicH Afte CONST A NT Ly 

REFReSHei) 




•" V- 





1 t '5 Bees j Discovered 'that if you cur someone 

OFF FROM\ ALL OUTSlPe SEMSArio/NS, "THE 

MtruD quickly sr^itrs ro DZier... 
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5 aF sue* SENSOfty DEPRIVATION W <™ 

maajasE EveM VERY simFLE actions, like Pick,mg, uF * e>lass . 

IE THE IDEA THAT U* AKe P * RT oF THp ooTS ‘ pe ^RU> NEEDS TO BE 

CoMSTA/OTLV RE M £ H /£ i >-__ 




UJl'RE /rj A 
CONSTANT STATE 
OF LEAWNGj 




J 


Sq 7 LOOT ABAHT THE TURTLE ? H W cAhJ 
REckeruiz-E all softs o ’ F/fjqs Quick As a Bc/ajk/aj ‘ flash ) 

COMF RAlM t SLEET OfL SfJoUi'j H’oPStPE DAfHhJ OR. 

h’ihsidc aut. SO WOT ? ___- 









h'/ts still completely stupid 






0N& Ft*)$ 5 tr CAK> Po ARB *)OT YOU f° T /tJro frS S/CLV l 



ewTE^I / 576/7 / £kiT 







q5l 



COULD fR.y APP/fO^ A RAWDO/HIZ/AK? 7>E\J\C£ TP ^l/E" 
t«e tiirtlf *s b ehrvior a bjt of vAR/gry. 


As IF /T TpSSEA A CO/AJ 
OCCASIONALLY T& PECtPE U>HAT 
V TP DO. 



cee/)rt/REs Dofo'r 
BftfAve //v/ 4 300% REquLAiz 

uj*y. 





X aiust R'AP/nir X soMer/*\Es takes it 

IK/tER. Ate 'SAD TO PO... UjELL y OiRL 
__S0Ar5 O' f,/U<;s 7 


i 




INTELLIGENCE 
AND STUPiDiTY 



(*) AiBjppr Cim<<ivik\ 



lNTEm§£NC£ 15 SOMETH 1/0$ 'THAT FLOATS ON TO? OF A SEA OF 
CoNDtTtONEP RESPONSES ANP preconceived IP CAS. 




Evs.ro IF NO HUMAN BciNG, IS &ORN FULLY EQUIPPED 
IOIXH LANC,uAS,E OR IDEAS , EACH STARTS OUT M ITH 
A CERTAIN AMOUNT OF iNNATE ABILITY^ A STOCK OF 

rROGRAtnmeo Responses or tdsriNci’s. 

ARE IMPRINTED ON THE MIND AT THE VmE OF 

conception, during, the petal stage, 
pno in -rye early stages of life. 



And that translates 

IN PARTICULAR INTO A 
TENDENCY to EXPLORE AND 
'TO LEARN. 



I Vi qo/AJG, TO TEACH "V/ 
TURTLE To UEAR.N . 




TRIAL-AND- ERROR 

STRATEGY 


STfliRS 


Hmm, here's a l ** 0 * 0 

■THAI ' 1 5 rJBMJ to ME... 
Aftzou Se£MS Tb INDICATE 
A Dl RECTI ofiJ... 



O/l/u. STORE THE 
V WOKD IN MBMORy.. 



STAiRS 


SAsfcONG- 

V/Hl/MP/ 
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A mach (mb cam SATwea. Ate sours op data. 




rs®s*i 

> 7 i 4 $ 3 o ^,2 

**°tax75 CAMeS 






■I & ttgjty. 

<- Vi;.->',v 

t • ^ ^ 


A START, 
if HAS Access 'TO 
oltsi-pe 

DATA BANKS., 





/Wd if cw Also use 
its ou)k) sense ORGANS. 






ft CA^ AN/ALtZ^ TH£ 

DAtA, AMD SEARCH FOR 
cog Re la-tj <aoiS Bfrw ^ events . 





^iVe moticed that webjeveR. 
these funny $aei th/m<*s start to F<le up, \ 
I'r's nor <-on$ Before It stAdfs J 

TO £*,,0 



Ram's bad for my 

SHULL i 




/ / f : / 


fyasi 


s' nHESE OVERALL 
EXPeRiEVCeS L£AV THE MACHINE 
■TO CONTINUA ay REVISE 

LM<W/N 5 5 T^rE 6 y^/ 

/ /' / ' / A IN “THE RAIN. 



m 



NOW, THE LA ST "ftME THIS FOSfrtOhj OCCURRED, rf TUSheJ} 
ou-r Nor 'TO Be Ar qooa idea to move the Rook. 


** \ \ / APfiHf FROffV THAT PAtOH, TUB PoSIT/ON LOOKS LIKE -THC G,Am£ 
\SEAy\ ) ( 0£7W£€V AiEKHiNe ANA Al oRpHV >N 1924. ~BVT A ? A tool 

/" mJiA l can't /hake mucH difference <-. 


1 LL TRY moVINq Thte bishop. 


Oo, 


LUe'u. soon see... 





On cR.iK.ey ! 






So U)HeR.E DOBS tMTELLid&JCE START 
amd s-rup/Piry leave off ? 


THE TURiNG 



TEST 


Vom't Fonder that since 
19 ?i the iooklp 
backG/AmmoM champiokj has 
been a COMPUTER. 


A rnArTHBWATlClArJ once PROPOSED The- FOU-OMMG, test for. IKSXELLi e,EMC£ ; 


-Mint 


U-> 


'^Hbllo, Mis s—canT'\ 

yoU TEUL-ne. IF there's 
A VACAHT SEAT oM THE 
TRAiisf AT 10,30 J 

-^T HIS EVENma? 

yes/s'R, *rHgR€i5T^N 
Shaw. T reseme a 

SLEE^/Mfij C3CVAPARTM«Nf? 


Yoi) Kroou), HAVE A 


VOICE. 





Hum. 

' cf 


^7 L/ 




Le-rs TRy 

a test. 


:£ 'Think that line is 

SCR.V6P 6y AWTRAK, sir. 




Huh. Another. 

BLASTED ANS^ER-i (06 

__ machine l 


A machine u#u. Be considered 

iNTBCW^gNT IF ITS RESPONSES 
CANNOT B€ P/ST/NCiUlSHED FRo/A 
*f^ 05 f OF A B£<M 6 i 

'%23 


We QoT A i-CNC UJAV TER. 

Co yeT y THANK Ga «00 i 


Sir? Sir f 
You* sueePeR ? 
Nou> ^HAT HAVE 
o: PONE f 


^ \\ 

k 

(/( 

[/ 

£=\ 
(Heuo ?) 

) 






/V xx 

^^TipiQAL iNTettlSENCE PHOOEY ^ 









(*) Fkw. 


(tHGO^y OF MouiLED^a) 


ANO 



episfocop/ CO 


• « \ 
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ARTiFiCiAL 

INTELLIGENCE 



MftCH/rJ65 DO anp copy MATu*e - 1 aeueve 

jC eecieue it f 




UJKH CYBERNETICS WD INFORMATION SCIENCE we'v£ //Hitatfd thf 
CONTROL and PRQQftAfWniNJC* FueJcftoMS of uvin^ cReA-rui^es. Ike 


INSTINCTIVE side. 
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'THe powers of DISOBEDlCNCE, IMAGINATION, and RECOGNITION 

OF THtf OUTSIDC WORLD 



' L£Ts se£ : if 1 
pisoBey my programming 
, AND TRY 'THIS ... 


Tne A»uTy to 
E^P(? 6 SS ?n endives 
and INTERPRET 


symbols 


ft 



-V" \ \ \ \ THI5 WOULD SEEM -foX / J 

' / A1GA/P/ THE RELATION j V .X 

( BfTioeeM tWe med/om J -"O' 

V^nd -rue /viessrffe. -/ 

AMONG THf S/^fJS AND //MA6,ES PFRCCIV/CD, S<WF ARE - PELATSO TD T/V£ ^N. 

oufsioe K><5£Li>, or NON ~ SELF ; and of Hen s to fwe SELF, fue actual macmia/eX 
Tne acquisition of SELF-A to APENESS 15 thf bfqinninq of a CONSCIOUSNESS 

.. —of EXISTENCE. 

IA A fcxWoeR IF -THIS IS v 3 " J / \ --' 

A / C Air or NCN-mt?) G\ 1X \ ^ 





SLUB 
BLUS (#} 


ujoot^ ATHe R- 

LILACS /M "THE 5PR/N£, 
_ A^A'N... 


(*) 3 T wJONPeR IF THIS IS ME OR MW-/*IE? 
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Co/WMOWICAffT^N 


Wl <H eACH OTWfR. 


IDEAS. 



Oh 1^0(0, V£AH 


x ^o-r some Real 

GjROOVy PRO^wmsf 



A Mechanical Mee-r/Ajc; 

OF m»MDS. 


Hev , BABY .' i«JHADDHyfl 
we swap data banks/ 


WAHOS, 

MFruiiNnc /V'J 0 ^ 





A [L®C ®9 "ifMU 

« k ©ms? ®p m M 




016 tfoMMA 



I'm owe of <«f HODOS 

* r 1 ^-Opc*w>°ns ^ Rcrt 


^ hJo ; CLVe CD/vi€ <0 ^ ~ 

mfl K£ my u*e*iy Report, brooc^ht 

everything l'y£ «ew, heard, read, 

V And EXpgRiE NCfcD • 



SocKrt <0 r*\t, 
BA 6 V ' 


^ pi t>N*T HAVE 

Tirne <0 DEAL WITH 

AU- OF |T f 


Home's mf? 


QoOP AAoftNlfU^ / ' 
H 0 J>C 6 . y°° HAv/E 

A PRoEU ^? .X 


•fHI 5 ALUJAYS EUU 6 S rr\£ 
/\ putsINV F6CCfMG\. 


W Hi 2 z-m 


%=% 


Ha\M... X'm QoiNG, <6 CHAK)G,e 
VooR data A^AWIS card AND S€6 
IP THAT WAKes you Fp€L BCTT5R.. 
Open you ft rear. flap. ^ 



^ 0f AN0TH6£ chang,€ of softu^e 1 

jfj-'s oHLT BEEN TiOO U)££R5 Sl^KE TH£ <-AST 
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'df^TOLD you I fcuAS THe QUICKCsr. 1 

Mooo iVe c*u^ht you. i’ll. na^ce A 

-—- r>fA) you. feu. WC sorv^-TH/Wft. 

tf its mie i'»j_ ur yau 
/%j. L r GO; IF ITS RAL5E III > 

(((rnllitfflMiffm- * e€f> yo ° Isomer 











AND AS foft People! 



U)HAT's WM" 

one up <0 Hou)? 



MACHOS 

5 £feM 5 -To hlAUe 
Got n ujor£I£E>. 





Up <ill hioui, MAfHOS has always done a Good Job. 

IT'S ALLEYS beeti (sJIU-lNG to TELL US UlHfiT METHODS 
- N IT'S USED. — 


Bor NOLO, If 5 TKy,N& TO PR^tE^O UJ£ AReTPf' 

capable of UNDeRSTANOINQ its Reasoning. 


Ridicklus I 



IAATHOS sPecfAUzes tN 

hJ-PIMeHSIONAL GEOMCTRy. 


if uja s set rue problem of 

CLASSIFYING* ALL POSSIBLE STRUCTURES fOft 
FOUR-PlMertSlCWAL SPACE-TIME (*) 


In Particular, 
BLACK HOLES 


i 


^ T)i 


MPklSinNC X -J ~7 /IP <PA/-*: Akirv -r- 




MA 1 H 0 S SOON FOUWD IT WAS MoRG CorJVeWieWT To APPROACH 
■rue pRo&ueM a DiFFeeewT lam^uaqg/ so He chan^g-p 

LAM^uA^GS. —— 


/\ CLASSIC CASE Op 

LOGOMUTA'TIO/s/. 



5uP OF TH£ TOAJ^yg^ 

HUR-HUR-HUR.. 


Bur men hc wcwt too par. Twe weio lam^ha^e - , 

M^'fffOS STUDieD AND DESCRIBED PHYSICAL PHeNOmVNA tru TERMS OF 
SIMULTANEOUS CAUSAL)Ty FROM FUTURe To PAST AND FROrv\ 

past to future. ThaT ujorusd a lot &errek. 




Zt-J FACT, AS A RESULT, MATEOS ‘ V * S 
LEO TO /?€W£IT6 pHYSlCS FR-OW A To Z 
/(v) terms of BtSYNCHRoNlUT/' 





LOHPrT DID rue 
P£OPL€ THINK 
^ _ OF THAT T _- 
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/-r to rHEia tin y wiuds. j 



<Hey powV uK£ 

-TUlO^rrMeRS- 


Doi\j'r Ler »r surcn va, Guys, 
but 6id Momma says we've all 
Got to g^ oursfujes 
(terzoGKAMMeD for / 

-_ 7 BlSYHCHZONIClT Y^^/ 

/ u)eu.f THose of us 

ARF P* PRo^kAmrtABUE. 




/ SPeAlQrvJG 
Foil mseLf / 
THette's A lot 

Gc<N$ ON 'THAT 
BAFFLES ME, 
v fWese days. 


I see. 



BRSO^/ 




/4 »JD ;ts tH€ 
5 C RAFHFAP FOR. 
THc # € 5 t. 



T3ter PgOPU 7 




-rney'^e * serious "" 

PROBLCM . SHe'5 NOT 5oRe 
WH4T -r© 00 ABOUT TH€A\ . 


A LDGfOMUTATlOti 

AMONQ HU WANS; 
it's difficult 








ARCHie, pip you H€Al THAT 





( PoA rue P )(( 

V/yes, <H6R€S a\ 

suPeA- uru.6 ® wC 

v on FiPfH / 

//V. AND 


NO POSSIBL6 
-TPAMSLATION INTO 
HUMAN LAN<qUA^e 


'- v ' v -' 

:, > ; •. ■ 




l'u_ fRV A$AlN. 


£Ori IUIK 6 KS 1 





EXPLAIN) THE 
PROCEDURE USED TO 
ANALYZE THE 
EINSTEIN - PODOWLSta 
ROSEN PftPMOX 



X uJe'fce porge FoR.( 
Obsolete at my 



Has Mft'fHOS COMMUHICATet) 
with Sie Mo*i«vt y er? 


I've Qivev up -rRy/jvjQ -ro se-r ANy 

sense our OF B/e Womma 


x'ug: checked. 

iVfe TAKEN THE PRECAUTION 






NoBopy s botffiT she's BEEN About 

FOR. YEARS. 


There's on uy owr 
<HI*JQ TO DO, 



Q iO 


you ME/)W — 4U/P6 

MA-THOS s '"tvnofcy .? 







) 

LTHE end 
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